Little is known about the gender differences in energetic requirements of goats in early life. In this study, we determined the energy requirements for maintenance and gain in intact male, castrated male and female Saanen goat kids using the comparative slaughter technique and provide new data on their body composition and energy efficiency. To determine the energy requirements for maintenance, we studied 21 intact males, 15 castrated males and 18 females (5.0±0.1 kg initial body weight (BW) and 23±5 d of age) using a split-plot design with the following main factors: three genders (intact males, castrated males, and females) and three dry matter intake levels (ad libitum, 75% and 50% of ad libitum intake). A slaughter group included three kids, one for each nutritional plane, of each gender, and all three animals within a group were slaughtered when the ad libitum kid reached 15 kg in BW. Net energy requirements for gain were obtained for 17 intact males, eight castrated males and 15 females (5.1±0.4 kg BW and 23±13 d of age). Animals were fed ad libitum and slaughtered when they reached 5, 10, and 15 kg in BW. A digestion trial was performed with nine kids of each gender to determine digestible energy, metabolizable energy and energy metabolizability of the diet. Our results show no effect of gender on the energy requirements for maintenance and gain, and overall net energy for maintenance was 205.6 kJ/kg 0.75 empty body weight gain (EBW) (170.3 kJ/kg 0.75 BW) from 5 to 15 kg BW. Metabolizable energy for maintenance was calculated by iteration, assuming heat production equal to metabolizable energy intake at maintenance, and the result was 294.34 kJ/kg 0.75 EBW and k m of 0.70. As BW increased from 5 to 15 kg for all genders, the net energy required for gain increased from 9.5 to 12.0 kJ/g EBW gain (EWG), and assuming k g = 0.47, metabolizable energy for gain ranged from 20.2 to 25.5 kJ/g EWG. Our results indicate that it is not necessary to formulate diets with different energetic content for intact male, castrated male and female Saanen goat kids weighing from 5 to 15 kg.
INTRODUCTION
The lifelong development and productive performance of goats depends on their receiving adequate nutrition from birth, which requires accurate information about the energy and nutrient requirements of kids during their early life. Younger animals have greater rates of protein and mineral deposition, owing to faster muscle and bone growth rates, whereas fat deposition increases as the animals age (Lawrence et al., 2012) . Such differences in deposition affect the relative proportion of tissue accumulation and, therefore, also influence body composition and net energy requirements (Shahin et al., 1993) .
It has been recognized that gender (castrated or intact males or females) influences the growth of body tissues, carcass composition and gain efficiency (Chizzotti et al., 2007) . Previous research has shown that testosterone determines growth rates in males in conjunction with leaner carcasses and greater muscle mass, which result in greater energy requirements (Purchas et al., 1991; Paulino et al., 2009) . Previous estimates of the gender-specific energetic requirements of goats have relied on the use of a correction factor from cattle, i.e., a 15 percent difference between intact males vs. females and male castrates (Sahlu et al., 2004 , NRC, 2007 although no studies have examined the effect of sex under the same experimental conditions.the NRC (2007) have been adopted to formulate diets around the world, its equations were based on the relationship between metabolizable energy intake (MEI) and daily gain and did not account for changes in body composition.
Additionally, the current NRC recommendations (NRC, 2007) do not consider the influence of genotype and gender on the energy requirements of suckling goat kids. Therefore, the objective of this study was to determine the energy requirements for maintenance and gain in intact male, castrated male and female dairy goats and to investigate their body composition and energy efficiency in early life.
MATERIALS AND METHODS

Animals and management
The experiment was conducted at the Goat Facility of the Universidade Estadual Paulista/Jaboticabal (UNESP, São Paulo, Brazil). Humane animal care and handling procedures were conducted in accordance with the requirements of the University's Animal Care Committee (Comissão de É tica e Bem Estar Animal, CEBEA) under protocol number 004972-09.
Animals were randomly allocated to two trials; the first of which was designed to determine the energy requirements for maintenance and the second to determine the requirements for gain. During the pre-experimental period (from birth to 5 kg body weight [BW] ), newborns were fed goat colostrum (first 3 days of life) and goat milk twice a day at 07:00 and 17:00 h, using an individual feeder bottle, for a total intake of 1.5 L of milk/d.
During the experimental period, goat kids continued receiving milk until they were weaned at 50 d of age. In the first 30 days of life, the total amount of milk was split into two equal meals per day. After that period, milk was fed once a day in the afternoon to stimulate the intake of solid feed, which was provided from the seventh day of life onwards. During the pre-weaning period, milk was fed by individual feeder bottle, so the daily intake of milk and solid feed were computed separately. All animals had free access to fresh water.
The composition of the milk is shown in Table 1 . Beginning in the pre-weaning period, all kids received the same experimental diet that was formulated to meet the nutritional requirements set by the NRC (2007) for a gain of 150 g/d. The experimental diet (Table 1) was comprised of dehydrated corn (Zea mays), cracked corn grain, soybean (Glycine max) meal, molasses, soybean oil, limestone, and a mineral supplement. Dehydrated corn plants consisted of whole corn plants (60% to 70% moisture) chopped when the kernel milk line was approximately two-thirds of the way down the kernel. The chopped material was air dried for approximately 72 h or until it reached 8% to 10% moisture, and the dried chopped material was then ground to pass through a 4-mm screen (Wiley-type mill).
Feed ingredients, orts and feces samples were dried at 60°C to 65°C for 72 h and ground through a 1-mm screen using a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA, USA). They were analyzed to determine fat content (based on the weight loss from the dry sample upon extraction with petroleum ether in a Soxhlet extraction apparatus for 6 h (AOAC, 1990, method number 930.15), protein (N analysis performed via Dumas combustion using a LECO FP-528LC [LECO Corp., St. Joseph, MI, USA] [Etheridge et al., 1998 ]), ash (complete combustion in a muffle furnace at 600°C for 6 h (AOAC, 1990, method number 924.05), neutral detergent fiber with amylase and without sulfite (Van Soest et al., 1991) , acid detergent fiber (Goering et al., 1970) , and gross energy (GE) using a bomb calorimeter (Parr Instrument Co., Moline, IL, USA).
1st Trial: Energy requirement for maintenance
To determine the maintenance requirements, we studied 54 kids (21 intact males, 15 castrated males and 18 females) with initial BW of 5.0±0.1 kg at 23±5 days of age. On the first experimental day, 12 randomly selected kids (six intact males and six females, 4.93±0.1 kg and 22±2 days of age) were slaughtered for use as an initial baseline. As castration is performed on the tenth day of life, the baseline for intact males was also considered to be the baseline for castrated male kids. The remaining kids were allocated to treatments in a split-plot design with the main factors being three genders (intact males, castrated males and females) and three nutritional planes defined by dry matter intake (DMI, ad libitum, 75%, and 50% of ad libitum intake). Dry matter intake consisted of the sum of the solid feed and milk intake. Kids were group fed in 14 slaughter groups, each of which included three kids (one for each nutritional plane) of the same gender, and all three animals within a group were slaughtered when the ad libitum kid reached 15 kg in BW. The restricted intake amounts were determined daily within each group based on the DMI of the kids in the ad libitum treatment on the previous day.
When the kids fed ad libitum reached approximately 12.12±0.44 kg BW (56±4 days old), a metabolism trial was carried out to determine the digestible energy (DE), the metabolizable energy (ME) and digestible protein contents, and the energy metabolizability of the diet (q m ). The metabolism trial was conducted when animals were consuming solid feed exclusively at three levels of intake (ad libitum, 75% and 50% of ad libitum intake). Twentyseven kids (nine intact males, nine castrated males and nine females) were used.
All animals were housed in individual metabolic pens. Feed intake, orts, feces, and urine were collected for five d after a 3-d adaptation period to the metabolic pens. Urine was acidified daily with 20 mL of 20% sulfuric acid. Feeds and orts were sampled daily, and the samples were stored at -20°C. Feces and urine were weighed daily, and a 10% sample was collected and stored at −20°C. Composites of the feeds, orts, and feces were dried at 60°C to 65°C for 72 h and ground through a 1-mm screen using a Wiley mill. Urine composites were passed through a sieve to remove the large particles, and a subsample was taken for N determination. Gross energy was determined for the feeds, orts and feces and urine using a bomb calorimeter (Parr Instrument Co., USA). Urine energy was estimated as described by Street (1964) , and energy losses by gas production were estimated following Blaxter and Claperton (1965) . The DE was computed from the GE of the feeds, orts, and feces. The ME was computed from DE and the GE of urine and energy losses by gas production.
At slaughter, kids were stunned with an electric shock followed by the severing of the jugular vein and carotid artery. All blood was collected and weighed. The gastrointestinal tract (GIT) was weighed before and after it was emptied and flushed with water to determine the empty BW (EBW) of the animals, which corresponded to the BW at slaughter minus the weight of the contents of the GIT and gallbladder. The whole empty body was initially frozen at -6°C and then cut into small pieces that were ground with a large screw grinder through a plate with 0.32-cm holes. After grinding and homogenization, samples were collected, frozen again, and then freeze-dried. These samples were analyzed to determine dry matter, fat, protein, ash and GE content as previously described.
Maintenance requirements were calculated using the comparative slaughter technique. Heat production (HP, kcal/kg 0.75 of EBW) was calculated as the difference between MEI (kcal/ kg 0.75 of EBW) and retained energy (RE, kcal/kg 0.75 of EBW). The antilog of the intercept of the linear regression between the log of HP and MEI was used to estimate the net energy requirement (NE m , kcal/kg 0.75 of EBW; Lofgreen and Garrett, 1968) . The maintenance requirement for ME (ME m , kcal/kg 0.75 of EBW) was computed by interactively solving the semilog linear regression equation until HP was equal to MEI. Linear regressions (Lofgreen and Garrett, 1968) of the log of HP and MEI were used to calculate the energy utilized for maintenance (k m ), which was computed as NE m /ME m . The slope of the regression of RE on MEI above maintenance was assumed to be the partial efficiency of energy utilization for growth (k g ).
Statistical analysis
Data from the trial were analyzed as a split-plot design using a mixed model with gender, nutritional planes and their interaction as fixed effects and the plots nested within gender as a random effect. All analyses were conducted using version 9.2 of the Statistical Analysis System (SAS Institute Inc., Cary, NC, USA). When significantly different, treatment means were compared using Fisher's protected least significant difference. Regression analyses were conducted through MIXED procedures using restricted maximum likelihood estimation methods. Studentized residuals were plotted against predicted values to verify model assumptions. No outliers (studentized residuals >|2.5|) were identified.
2nd Trial: Energy requirements for gain
Net requirements for gain were obtained using 40 kids (17 intact males, eight castrated males and 15 females) in a completely randomized design. Animals were fed ad libitum. Twelve kids (six intact males and six females), the same as those used at the first trial, were slaughtered when they reached approximately 5 kg in BW. When the animals reached 10 kg in BW, six intact males, four castrated males and four females were slaughtered, and the remainder (five intact males, four castrated males and five females) were slaughtered when they reached 15 kg in BW.
Slaughter procedures and laboratory analyses were similar to those previously described. Allometric regressions of nutrient (g) or energy (kJ) content of EBW on EBW (Equation 1) were conducted (ARC, 1980) :
where Y = total of the nutrient (g) or energy (kJ) in the EBW; a = intercept; b = slope; X = EBW (kg).
The first differential of Equation (1) with respect to EBW was used to estimate the composition of the gain at various EBW (Equation 2):
where Energy is the energy concentration per unit of empty body weight gain (EWG, kg), and a and b are parameters estimated by Equation (1).
Statistical analysis
Regressions analyses were conducted through MIXED procedures using restricted maximum likelihood estimation methods. Studentized residuals were plotted against predicted values to verify model assumptions. No outliers (studentized residuals >|2.5|) were identified.
RESULTS
Initial body composition
A regression equation was developed from the baseline measurements to differentiate EBW from BW. For intact and castrated males, we used the proportion of 0.83 of EBW over BW to estimate the initial EBW because we did not find a significant relationship between EBW and BW (p = 0.67). For females, we used Equation (3) 
Initial empty body protein (g), fat (g) and energy (kJ) contents were estimated from the initial EBW (kg). Regression coefficients were similar for males and females, so the same equations were used for both genders (Equations 4, 5, and 6). 
These equations were used to estimate the initial body composition of the kids in the maintenance requirements trial in order to calculate the retention of energy and nutrients.
Performance, body composition and digestibility
Kids remained in the trial for 82±6 days regardless of gender (p = 0.46). Performance and body composition did not different among genders but were affected by nutritional plane ( Table 2) . As expected, average daily gain (ADG), EWG, fat and energy concentration of kids fed ad libitum were greater (p = 0.0001) than those of animals on lower nutritional planes.
Protein and fat deposition changed with growth rate. Figure 1 shows that the rate of fat gain over EWG differed among genders (p = 0.02) with females having greater fat deposition than intact and castrated male goat kids. Conversely, the rate of protein gain was not affected by gender (p = 0.64, Figure 1 ).
The equations to predict the percentage of fat ( Figure 2 shows that the proportion of RE deposited as protein (REp) was higher at lower RE and decreased with RE deposition, and it was similar for males and females. Conversely, the proportion of RE deposited as fat (REf) increased with RE deposition, which was more pronounced in females than males.
Because there were no effects of gender on the digestibility of nutrients and energy, Table 3 only shows the effects of the nutritional planes on these variables. The DE and ME of the diet did not differ among treatments and was 10 MJ/kg dry matter (DM) and 7.8 MJ/kg DM on average, respectively.
Energy requirements for maintenance and the efficiency of energy utilization
The slope and the intercept of the linear regression of log HP on MEI, which was used to estimate NE M, were not different among genders (p = 0.16), so a single equation (Equation 10 ; p<0.001, RMSE = 0.054) was proposed: Table 4 depicts the relationship between body fat, energy, and protein content of EBW and the estimated body composition at 5, 10, and 15 kg in BW. We observed that the proportion of protein did not differ among genders (p = 0.57) and decreased slightly as BW increased. On the other hand, significant differences in the rate of fat deposition, with an increase in the percentage of fat as BW increased, were observed among genders. Specifically, fat deposition 10.5 ±0.4 9.7 ±0.4 9.76 ±0.5 0.37 ME (MJ/kg) 8.37 ±0.6 7.5 ±0.5 7.6 ±0.6 0.57 BW, body weight; DMI, dry matter intake;GE, gross energy; GEI, gross energy intake; DE, digestible energy; ME, metabolizable energy. 1 Least squares means followed by their standard error for ad libitum and 75% and 50% of ad libitum intake. ab Distinct lowercase letters in the same row, within group, differ at p<0.05 by least squares means for diet effect. A B C was higher in females. However, such differences were not reflected in the levels of retained energy, which also increased as BW increased, but were not different among genders (p = 0.42). Figure 3 illustrates the NE g of goat kids and shows that energy requirements increased equally from 9.5 to 12.0 kJ/g EWG as BW increased from 5 to 15 kg for males, castrated males and females. Using the k g value of 0.47, ME g ranged from 20.2 to 25.5 kJ/g EWG.
Energy requirements for growth
Our study indicated that fat deposition in female goat kids of the Saanen breed is higher than in intact and castrated males in the initial stages of growth. However, energy requirements and the efficiency of energy utilization for growth were not affected by gender.
DISCUSSION
No differences in the maintenance requirements of female, male and castrated male goat kids were detected. Similarly, recent research on cattle has not detected any differences in energy requirements for maintenance among genders (Tedeschi et al., 2002; Chizzotti et al., 2007) . These observations are in contrast with current NRC (2007) recommendations that assume that males have 15% greater ME m than females and castrated males. We propose that the lack of a difference between genders reported in the present study could be due to the study of animals of similar weight and age and thus similar organ mass, particularly because the energy expenditure of visceral organs represents a major proportion of basal energy metabolism (Baldwin et al., 1980) . The fact that we did not observe differences in DMI further confirms this possibility.
In the present study, NE m (170.3 kJ/kg 0.75 BW) was approximately 20% to 40% lower than that reported in previous studies (AFRC, 1998; Fernandes et al., 2007; NRC, 2007; Tovar-Luna et al., 2007) . The lower NE m for kids in this study could be attributed to the lower internal organ mass and lower protein turnover in kids in early life compared to growing kids and mature goats. According to Baldwin (1980) , basal metabolic rate (BMR) can be subdivided in terms of the energetic costs of the organs (kidney work, heart work, respiration, nervous and liver functions), which account for 36% to 50% BMR, and those of individual cells where protein synthesis accounts for 9% to 12% BMR and lipid synthesis for 2% to 4% BMR. Our animals were smaller than those used in previous studies, so their smaller internal organs likely resulted in lesser NE m . As a consequence of lower NE m and greater k m , our estimates of ME m were lower than those reported in previous studies of goats (Fernandes et al., 2007; NRC, 2007; Tovar-Luna et al., 2007) . Because the efficiency of utilization of ME for maintenance (k m ) is highly dependent on diet, AFRC (1998) account for the effect of diet by using its metabolizability (q m ) to estimate k m. Thus, in this study, an average q m of 0.53 (dietary ME divided by GE) would result in a k m of 0.69, which is consistent with what was calculated interactively (0.70). We also think that k m may change due to diet characteristics, but there are other factors involved in k m control. We can infer that animal factors may play a role in the efficiency of energy use, mainly for gain. We applied the AFRC (1998) equation to estimate k g , and the results were 10% lower (42%) than estimates from regressing RE on MEI (0.47). In fact, the previous literature has reported that dietary energy concentration and body composition are the main factors affecting k g (Tedeschi et al., 2010) . Although equations to predict the percentage of protein and fat in gain can be useful to understand changes in body composition as a function of biotype and physiological state, they have scarcely been used for goats. Our equation to predict FIG for males (Equation 7 ) had a lower slope and intercept than that developed by Fernandes et al. (2007) using the Boer crossbred intact male. This difference suggests that Saanen kids have leaner carcasses in early life than growing Boer kids. Additionally, their different biotypes (as dairy and meat goats, respectively) may also contribute to these differences.
The equations developed to estimate REf and REp (Figure 2 ) indicated that the maximum values for RE as fat were 64.1% and 48.5% for females and males, respectively, suggesting that same age females tend to deposit more fat than males. The minimum value for RE as protein was 39.4% regardless of gender. This finding indicates that goats have different patterns of tissue deposition compared to cattle (Geay, 1984; Tedeschi et al., 2002; Chizzotti et al., 2007) , possibly as a result of differences in the degree of maturity between the cattle species analyzed by these authors and the Saanen goat kids studied here. Therefore, these results further highlight that the extrapolation of metabolic parameters from other ruminant species to goats should be done with caution.
As animals grow, the energy and fat content in EWG increases while the protein content decreases. This pattern was observed in our study as NE g was positively correlated with an increase in EWG. As the proportion of protein was nearly constant, fat deposition was the main factor contributing to an increase in body energy. Although females had greater fat deposition in gain, NE g was not affected by gender, which is due to similarities in the energy cost of fat and protein synthesis for young ruminants. Conversely, previous studies of cattle (NRC, 2000; Tedeschi et al., 2002; Chizzotti et al., 2007) found different NE g among steers, heifers and bulls related to changes in the fat deposits (internal vs carcass fat). The observed lack of a difference in energy requirements for growth among genders for young goats supports the NRC (2007) recommendation of a ME g of 23.1 kJ/g ADG for growing dairy kids, regardless of gender.
According to Geay (1984) , ME utilization efficiency in protein and fat deposition of bulls weighing from 325 to 500 kg of BW ranged from 0.20 to 0.75, respectively. Conversely, we observed that the efficiency of ME utilization for protein was close to that for fat deposition (0.81 and 0.82, respectively). Thus, we suggest that protein deposition is more efficient in young than mature animals, which is consistent with the priority of tissue deposition throughout life (Lawrence et al., 2012) .
In conclusion, although females have a greater tendency to accumulate fat in the carcass, we verified that the contribution of protein to the energy requirements for growth is very similar to the contribution of fat independent of gender in early life. In addition, we suggest that for Saanen kids weighing up to 15 kg, it is not necessary to consider different energy densities in the formulation of diets for different genders.
